Island, Kagoshima, Japan.
Buccal cells were collected by rolling cotton swabs against the inside of each robins' mouth and throat five times. Each swab was put into a microtube and soaked in 1 ml of preservation buffer (150 mM NaCl, 10 mM Tris-HCl pH 8.0, 10 mM EDTA), and kept at room temperature during the one week it took to transport them to the laboratory, where they were stored at 5°C for up to one month (see also Appendix 1 for longer preservation). After adding 10 ml of 10%-SDS, the samples were digested with proteinase K (5 ml of 20mg/ml) at 55°C for one hour and an additional 16 hours at 37°C. DNA was then extracted by the conventional phenol/chloroform method. Up to 30 ml of blood samples were obtained by brachial vein puncture and no ill effects were recorded. Blood samples were stored in GenTLE solution I (Takara) at room temperature and DNA was extracted using an extraction kit (QIAamp DNA Blood Mini Kit, QIA-GEN) within 10 days of sampling.
The sex of each individual was determined by length polymorphism at the chromo-helicase-DNAbinding (CHD) gene, using Ellegren & Fridolfsson's (1997) primer set 3007F (5Ј-TACATACAGGCTC-TACTCCT-3Ј) and 3112R (5Ј-CCCCTTCAGGT-TCTTTAAAA-3Ј), following the methods used by Fridolfsson & Ellegren (1999) . All PCR reactions were performed in 25 ml volumes on a Perkin Elmer 9600 Thermal Cycler, using Taq DNA polymerase (Takara Taq, Takara). Each reaction mixture contained 0.625 unit of Taq, 200 mM dNTPs, 20 mM Tris-HCl pH 8.0, 50 mM KCl, 2 mM MgCl 2 , 5 pmol of primers. The thermal profile comprised an initial denaturing step of 94°C for two minutes, followed by a "touch-down" scheme where the annealing temperature was lowered by 1°C per cycle, starting from 60°C until a temperature of 50°C was reached. Then 35 additional cycles were run at a constant annealing temperature of 50°C. Denaturation was at 94°C for Molecular sexing of individual Ryukyu Robins Erithacus komadori using buccal cells as a non-invasive source of DNA 30 s, annealing for 30 s, and extension at 72°C for 40 s, and a final extension step of five minutes was added after the last cycle. PCR products were separated in 2.5% agarose gels (NuSieve GTG, BMA), run in standard TBE buffer and made visible using ethidium bromide staining.
PCR products from blood DNA gave clear bands for all 40 individuals, which could be sexed on the basis of distinct size differences between the CHD-W and CHD-Z gene copies, a single band for males and double bands for females (Fig. 1) . Band patterns from buccal cells were the same as those from blood samples, and all the individuals were correctly sexed, using the DNA extracted by the conventional method. Thus buccal cells have been confirmed as a reliable source of DNA from wild birds. Buccal cell sampling is particularly suitable for the molecular sexing of nestlings as sampling takes less time than drawing blood, and because there is no need for disinfection and homeostasis. Safe sampling using this technique does not require extensive training, and only cotton swabs are required. It should be noted, however, that young, blind nestlings misidentify the cotton swabs as food being provided by the parents and so try to swallow them.
Blood sampling from young nestlings has been preferred in studies of avian sex allocation (e.g. Komdeur et al. 1997; Nishiumi 1998) , presumably so as to have large enough sample sizes for analysis under conditions of high nest predation risk in the wild. In such situations, the buccal cell sampling would obviously reduce the stress for the nestlings and their parents compared to blood drawing. The only negative aspect of buccal cell sampling is that DNA yields (1.3Ϯ0.7 mg, MeanϮSD, rough estimates using a spectrophotometer) are low compared to blood sampling, nevertheless it is sufficient for sexing, and also for other molecular studies using PCR.
Urine and feathers are other less-or non-invasive sources of DNA used in avian molecular ecological studies (Wingfield 1999) . Urine samples, however, contain PCR inhibiting substances and food-origin compounds (Reed et al. 1997; Yamauchi et al. 2000; Nota & Takenaka 1999; Robertson et al. 1999) , and for the Ryukyu Robin sexing success using urine samples was just 15% (nϭ20) (Seki 2003) , thus buccal cells were preferred. Feather samples, especially plucked feathers, are also a reliable source of DNA (Segelbacher 2002 ), but care must be taken when removing growing feathers from nestlings (Wingfield 1999) and feathers are, of course, not available from naked nestlings.
Non-invasive sampling is becoming important for molecular studies of free-ranging animals (Segelbacher 2002), thus buccal cell sampling provides a preferable, easily performed, safe technique suitable for most studies of adults that requires only small amounts of DNA. Fig. 1 . Band patterns of male and female Ryukyu Robins, using the template DNA from two types of samples, blood (BL) and buccal swabs (BS). The lanes marked 'M' contain 100 bp DNA ladder. Primers 3007F and 3112R give one short fragment in males (CHD-Z) and two fragments in females (CHD-Z and CHD-W).
